The application of voltammetric methods using different rates of polarisation on HMDE reveal inert or labile behaviour of Cd-or Zn-complexes in the presence of excessive cadmium or zinc ions in solution. This phenomenon was demonstrated first on the simplest phytochelatin complex of peptide ('-Glu-Cys)2Gly
INTRODUCTION
Metallothioneins (MT) are low molecular weight proteins (6) (7) , characterised by high cysteine content and ability to bind metals like zinc, cadmium, copper, mercury. MT occur in many living species, e.g. vertebrates, crustaceans, mussels, fungi, plants/1/. In 1985, simpler polypeptides with similar properties were discovered in certain plants, named today as MT family 99 or phytochelatins/2, 3/. Metallothioneins are considered to be important in homeostatic control, metabolism and detoxification of several essential or toxic trace metals, and their role is examined in connection with oxidative stress and cancerogenesis /4 /.
The presence of electroactive groups-cysteinyl residues and metals bound through metal-thiolate bonds in MT molecule is the reason for application of electrochemical methods in metallothionein research. Apart from the determination of total metallothionein concentration by modified Brdiika reaction /5-9/, voltammetric methods using hanging mercury drop electrode are employed for characterisation of metallothioneins, mainly with rabbit liver MT, where structural arrangement and tetracoordination of metals by four sulphur atoms has been documented by NMR and XR studies. 61 amino acids, 20 of them being cysteine, form the molecule of rabbit liver CdsZn2MT, which is arranged in two clusters. The cluster ct binds four Cd (II), whereas cluster 13 binds one Cd(II) and two Zn (II)/10, 11/.
Besides reduction of complexed Cd(II) and Zn(II), signals due to the formation and reduction of mercury compound at potential range more positive than -0.6 V (Ag/AgClat) could be recognised at pH 8 Figure 1 (Fig.2) .
For further study of voltammetric behaviour in the presence of excessive ions, where more positive reduction peaks than those corresponding to the reduction of tetracoordinated complexes are observed, a model system was chosen peptide 0'-Glu-Cys)2Gly with cadmium. The reason is that this is the simplest system, where using EXAFS, similar coordination of Cd(II) as in rabbit liver metallothionen was confirmed /27, 28/. Due to the occurrence of overlapping signals/29/, voltammetric measurements were performed in order to allow application of multivariate curve resolution method by alternating least-squares (MCR-ALS). (Fig.2c) .
With further additions of cadmium ions, complexes where two or finally one sulphur atoms are involved in Cd(ll) coordination (complex CdP', Figure 3 ), labile behaviour of such complex is observed in cyclic voltammetry. Examining the dependence on the rate of polarisation, differentiation between labile and inert behaviour appears. As may be seen from Figure 4 , the labile complex could be identified only at certain values of polarisation rates-at low rates, the metal falls out and a peak of uncomplexed metal could be seen. .At high scan rates-only inert complex is formed as there is no time for rearrangement leading to the labile complex.
Using a broad range of rates of polarisation, the appropriate scan rates values were found when labile behaviour of Cd-complex of CdMT in presence of cadmium ions appears. Similarly, labile behaviour of Zn complex after addition of zinc ions to Cd,Zn-MT was confirmed (Fig.5) .
Beside mercury electrode, carbon electrodes were examined. Composite carbon paste electrode (10% SiO2) has been proved as suitable for the study of cadmium complexes/24/. After accumulation at potential where Cd-complex is reduced, the oxidation peaks could be observed when potential is changing towards positive values at differential pulse voltammetry. Beside the peak of Oxidation Cd(0) Cd2+, two peaks in range -250 to +250 mV were observed for CdMT, which means formation of two Cd(II) complexes, similarly as on HMDE. For the peptide (y-Glu-Cys)2Gly and Cd(II) at large excess of peptide, oxidation peak at +150 mV was observed. This peak, as well as peak at +190 mV for CdMT we consider as formation of tetracoordinated complex. (Fig. 6) Application of EVLS proved that all inert complexes studied inert complexes of Cd(II) which are present in CdTMT, CdsZn2MT as well as inert Cd-complex of (/-Glu-Cys)2Gly -on HMDE are reduced in the adsorbed state. The same is valid for reduction of inert Zn(II) complex in CdsZn2MT. This finding can be further exploited in application of adsorptive voltammetry in cases where higher sensitivity is required. The resolution of overlapped peak can be also easily solved with the application of EVLS.
